To provide insight into the dynamics and source of residual viremia in human immunodeficiency virus (HIV) patients successfully treated with antiretroviral therapy, 14 intensely monitored patients treated with indinavir and efavirenz sustaining HIV RNA at <50 copies/ml for >5 years were studied. Abacavir was added to the regimen of eight patients at year 5. After the first 9 months of therapy, HIV RNA levels had reached a plateau ("residual viremia") that persisted for over 5 years. Levels of residual viremia differed among patients and ranged from 3.2 to 23 HIV RNA copies/ml. Baseline HIV DNA was the only significant pretreatment predictor of residual viremia in regression models including baseline HIV RNA, CD4 count, and patient age. In the four of five patients with detectable viremia who added abacavir to their regimen after 5 years, HIV RNA levels declined rapidly. The estimated half-life of infected cells was 6.7 days. Decrease in activated memory cells and a reduction in gamma interferon production to HIV Gag and p24 antigen in ELISpot assays were observed, consistent with a decrease in HIV replication. Thus, in patients treated with efavirenz plus indinavir, levels of residual viremia were established by 9 months, were predicted by baseline proviral DNA, and remained constant for 5 years. Even after years of highly suppressive therapy, HIV RNA levels declined rapidly after the addition of abacavir, suggesting that productive infection contributes to residual ongoing viremia and can be inhibited with therapy intensification.
Treatment with potent antiretroviral therapy leads to rapid and sustained reductions in human immunodeficiency virus (HIV) replication but does not eradicate the virus from an infected patient (23, 27, 46) . Long-lived, latently infected resting CD4 ϩ lymphocytes persist in treated patients, ensuring an ongoing source of viral particles (9, 18, 47) . Other cellular and anatomic reservoirs can also contribute to the persistent viral pool, with quasispecies exhibiting distinct evolutionary pathways (8, 39, 50) . Contemporary therapeutic antiretroviral regimens reduce HIV RNA levels below 50 copies/ml, the limit of detection of commercially available assays (43) . However, in most patients studied to date, HIV RNA can still be detected in the plasma by more-sensitive assays in patients even after years of therapy (15, 45) .
The dynamics and source of residual viremia in patients treated with antiretroviral therapy are not well characterized. The viral particles present in plasma may be a result of ongoing productive infection, release of viral particles from latently infected cells, or both. Indirect evidence for ongoing productive infection includes the presence of HIV RNA in cells (20, 32, 35) , viral evolution (24) , and rapid rebound of virus after therapy interruption (13, 14, 49) . Conversely, the presence of drug-sensitive, archival virus in patients responding to potent antiretroviral regimens suggests that productive infection contributes little to residual viremia (26) . Some patients who achieve sustained reductions in HIV RNA below 50 copies/ml exhibit intermittent viremic episodes or "blips" above 50 copies/ml; these patients retain more viremia between blips than do patients without intermittent viremia (25) . In these same patients, intensification of therapy results in reduction in frequency of blips and accelerates the decay of the latent cellular reservoir, suggesting that residual replication in these patients replenishes latent reservoirs (B. Ramratnam We conducted a longitudinal analysis of patients with sustained suppression of HIV RNA below 50 copies/ml of plasma for 5 years. By utilizing an assay achieving sensitivity of HIV RNA to 2.5 copies/ml, we were able to determine if HIV RNA levels were stable or decreasing over a period of 5 years. We found that, by 9 months after initiation of treatment, HIV RNA levels reached a steady state in the plasma that persisted for over 5 years. By adding the reverse transcriptase inhibitor abacavir to the regimen and measuring the HIV RNA levels prospectively, we determined that productive infection is contributing to residual replication and thus that activation of latently infected cells is not the sole source of virus production.
MATERIALS AND METHODS
Study subjects. All study subjects were HIV type 1 (HIV-1)-infected participants of a phase II dose-finding study of efavirenz (600 mg daily) and indinavir. Indinavir was administered at a dose of 800 to 1,200 mg three times daily until month 4, when all patients received 1,200 mg. All patients received indinavir plus efavirenz at the onset of the study, except for two patients who started indinavir first for 6 months and then added efavirenz. Patients 2 and 5 (Table 1) also received lamivudine and stavudine, respectively, 6 months after therapy initiation. Subject 5 discontinued study therapy for drug toxicity (nephrolithiasis) after 5 years. Therapy intensification was offered to all patients after 5 years and consisted of abacavir in all subjects except patient 3, who requested ritonavir. Patients 2, 11, and 12 stopped abacavir at week 10 and 3 and day 2, respectively, for mild side effects. Viral kinetics were not evaluated for subject 15, who had transferred from another institution.
Assay of residual viremia. Assays for residual viremia between 2.5 and 50 copies/ml were performed according to published methods (25) . The Amplicor Ultrasensitive assay was modified to permit the nominal detection of 2.5 copies of HIV RNA (Roche Molecular Diagnostics, Branchburg, N.J.)/ml. Two milliliters (versus 0.5 ml) of frozen plasma was thawed and centrifuged at 23,600 ϫ g for 2 h (versus 1 h) at 4°C to pellet virus. One-half the normal quantitation standard (QS) volume was added to the sample prior to the lysis step, and the RNA pellet was resuspended in 50 l of diluent volume (versus 100 l for the Ultrasensitive assay). The entire volume (50 l) of resuspended RNA was assayed by reverse transcription and PCR amplification. These and subsequent detection steps followed the manufacturer's protocol exactly. Because only half the QS volume is added prior to the lysis and RNA extraction steps but the extracted RNA is resuspended in half the usual volume, normalization for the detected QS value could be performed without modification. The computed value of copies per milliliter was corrected for the protocol modifications by dividing by 8. This included a fourfold correction factor for the larger volume of plasma assayed (2 versus 0.5 ml) and a twofold correction factor for the volume of diluent used to resuspend the extracted RNA (50 versus 100 l).
To establish the limit of detection and reproducibility of the assay, plasma from two HIV-infected patients with viral RNA concentrations previously determined by the Amplicor or Amplicor Ultrasensitive assays were serially diluted in control plasma from healthy HIV-negative donors to a calculated concentration of 50 copies/ml down to 1.25 copies/ml. Replicate samples at each dilution were assayed by the modified 2.5-copies/ml assay. The correlation of the results based on Amplicor and the modified 2.5-ml assay was excellent with an r 2 of 0.92 (P ϭ 0.003). Coefficients of variation at individual concentrations ranged from 121% at 1.25 copies/ml to 9% at 50 copies/ml. At 2.5 copies/ml, the coefficient of variation was 37%.
HIV DNA assays. Peripheral blood mononuclear cell (PBMC) DNA quantitation was performed using a PCR-based system with colorimetric detection according to published methods (6) . Based on genomic DNA input into PCRs, the lower limit for reliable quantitation was 5 HIV DNA copies/g of PBMC DNA. Viral DNA values presented here are normalized to total blood volume by multiplying copy numbers per purified lymphocyte by simultaneous peripheral blood lymphocyte counts. In a natural history study, values computed in this normalization were more stable over the course of HIV disease, including a range of CD4 counts extending below 200 cells/mm 3 , than when normalized to number of PBMC or CD4 ϩ T cells (12) . However, normalization of HIV DNA copies to micrograms of PBMC DNA or CD4 DNA gave qualitatively similar results (data not shown).
Viral kinetics. Initial decline of HIV RNA obeyed biphasic exponential decay to a nonzero constant. Plasma HIV RNA values V(t) from the first year of therapy were fitted to the form
assuming multiplicative Gaussian noise g(0, s) of zero mean and standard deviation . The duration of phase II HIV RNA clearance was defined as the period during which more virus was produced from this pool than from longer-lived (residual) sources, based on the optimal biphasic fit of HIV RNA dynamics. HIV RNA dynamics in patient 8 differed significantly in several regards. In this patient, the measured baseline DNA was higher (22,000 copies/ml), baseline CD4 was lower (81 cells/mm 3 ), and second-phase RNA clearance was slower. In addition, HIV DNA continued to decay significantly (P Ͻ 0.05) in this patient throughout the study period. Residual HIV RNA and DNA could therefore not be appropriately defined in this patient, and he was excluded from the analysis of predictors of residual viremia. The inclusion in our cohort of one patient who failed to reach steady states of HIV RNA or HIV DNA raises the possibility that some patients exhibit different long-term viral clearance kinetics; however, much larger cohorts would be necessary to study this intriguing minority.
Decay rates after abacavir intensification were computed by least-squares, treating undetectable values as 2.5 copies/ml. They therefore represent an underestimate of the true decay rate, except in patient 1, who retained detectable viremia. To determine whether transient elevations of HIV RNA at the time of intensification were responsible for the rapid kinetics, clearance rates were also computed, substituting the residual viremia over the previous 4 years as the baseline value.
Semiquantitative microculture assays. Fifty milliliters of fresh acid citrate dextrose anticoagulated whole blood was processed for CD4 lymphocyte enrichment or CD8 lymphocyte depletion using the Rossette-sep procedure according to the manufacturer's directions (Stem Cell Technologies, Vancouver, British Columbia, Canada). Purity of CD4 fractions was Ͼ90% with fewer than 2% CD8 ϩ or NK cells or monocytes by fluorescence-activated cell sorting (FACS) analysis. Semiquantitative microculture assays were performed according to previously described methods except for replicate wells at concentrations of 1 ϫ 10 5 , 3 ϫ 10 5 , and 1 ϫ 10 6 activated patient CD4 cells depending on cell yields (44) . FACS analyses. Leukocyte differentiation was performed using a Coulter counter (Coulter Electronics, Inc., Miami Lakes, Fla.). Lymphocyte subsets were evaluated by flow cytometric analysis, using 50 l of EDTA peripheral blood incubated for 30 min at 4°C with fluorochrome-labeled monoclonal antibodies. After incubation, erythrocyte lysis and fixation of marked cells were performed using the Immuno-Prep EPICS Kit (Coulter Electronics).
IFN-␥ ELISpot assays. Ninety-six-well nitrocellulose plates were first precoated with a layer of gamma interferon (IFN-␥) monoclonal antibodies (MABTECH, Nacka, Sweden). PBMC were then added in duplicate wells either with a pool of five previously described synthetic peptides from the gp160 envelope of HIV-1 (20 M final concentration), with HIV-1 p24 (Protein Sciences Co., Meriden, Conn.) (p24) (0.1 g/ml) in the presence or the absence of neutralizing anti-CD4 monoclonal antibody (see below), or with no peptide (negative control) (11) . The five peptides used in the stimulation are promiscuous as they are recognized by multiple HLA class I molecules (including HLA A1, A2, A3, A9, A25, A26, A29, etc.) and are mostly conserved between different HIV clades. Because these epitopes can also be recognized by HLA class II molecules (10), IFN-␥ production by CD4 ϩ was blocked by preincubating PBMC with 100 ng of neutralizing recombinant human CD4 monoclonal antibody (R&D Systems, Minneapolis, Minn.)/ml. Plates were incubated overnight at 37°C in 7% CO 2 , then the cells were discarded, and the plates were incubated at room temperature for 3 h. A second biotinylated anti-IFN-␥ monoclonal antibody (7-B6-1 biotin; MABTECH), followed by streptavidin-conjugated alkaline phosphatase (MABTECH) for 2 h, was subsequently used. Individual IFN-␥-producing cells were detected as dark blue spots using an alkaline phosphatase conjugate substrate kit (Bio-Rad Laboratories, Hercules, Calif.). The spots were counted using a dissecting microscope (ϫ40). HIV-specific responses were reported as number of spot-forming units per 10 6 mononuclear cells. Baseline and week 24 values were compared using a paired, two-tailed Student t test.
RESULTS
Kinetics of HIV RNA in the plasma. To characterize kinetics of residual viremia, we examined the decay of HIV RNA in the plasma in our 14 patients sustaining HIV RNA levels of Ͻ50 copies/ml for 5 years after initiation of treatment with indinavir plus efavirenz. Prior to treatment, these patients had a median CD4 cell count of 261 cells/mm 3 and HIV RNA level of 4.9 log copies/ml (Table 1) . HIV RNA values from the first year were fitted assuming biphasic exponential decay to a constant nonzero value. The estimated clearance half-lives of infected cells were 1.2 Ϯ 0.8 days during phase I decay and 24 Ϯ 16 days during phase II decay, consistent with previous reports. We were also able to estimate the duration of phase II decay as between 33 and 260 days (Fig. 1) . Prior estimates of the dynamics of the end of phase II have been limited by the sensitivity of the viral RNA assays used. Although the likely complex mixture of cell populations contributing to the pool of plasma virus prevents the association of this time interval with the lifetimes of a particular cellular phenotype, this first direct estimate of the duration of phase II decay provides a quantitative basis for defining phases of HIV treatment.
We next examined whether there was further HIV RNA decline in the plasma after phase II decay during subsequent years of therapy. Prior longitudinal studies of patients with chronic infection have measured HIV RNA using assays with a limit of detection of 50 copies/ml and thus not addressed this issue. Studies using more sensitive HIV RNA assays have detected virus in the plasma but have not examined patients frequently with longitudinal samples (15, 45) . In this cohort of patients, using an assay with a limit of detection of 2.5 copies/ ml, we were able to measure virus longitudinally and found no decline in levels of residual viremia in 13 of 14 patients over 5 years of observation (Fig. 2) . Patients had a median of 13 on September 7, 2017 by guest http://jvi.asm.org/ measures of residual viremia. Of note, intermittent viremia (HIV RNA greater than 50 copies/ml after 9 months of therapy) was infrequent in this cohort. Only four of our patients had any evidence of intermittent viremia after the first 9 months of therapy. The overall frequency of viremia greater than 50 copies/ml after 9 months of antiretroviral therapy was 0.02 episodes per patient-year. Predictors of residual viremia. Levels of residual viremia in the plasma varied among patients. Geometric mean RNA values varied from 3.2 to 23 copies/ml, with a median of 6.0 copies/ml (Table 1) . When we examined the predictors of the level of residual viremia in these patients, we found that pretreatment levels of total HIV DNA correlated with residual viremia (Fig. 3) . Interestingly, baseline HIV RNA and CD4 cell count were not predictors of residual viremia.
Kinetics of HIV DNA. The kinetics of viral DNA were also examined in this cohort of patients. Pretreatment levels ranged from 313 to 22,000 HIV DNA copies per ml of blood. These levels were not associated with pretreatment HIV RNA measurements, CD4 cell count, prior treatment history, or estimated duration of HIV infection. We measured HIV DNA at 2-month intervals during the first year of treatment and at 6-month intervals over the remainder of the study period.
During the first year of antiretroviral therapy, HIV DNA declined by a median of twofold (interquartile range, 1.7-to 3.5-fold). The median half-life during this period (Table 1) was 466 days. This is somewhat longer than previously reported, in part due to the normalization of DNA copy numbers to blood volume, which eliminates the dilutional decrease seen when normalizing to rising total lymphocyte numbers (1, 29, 30) . After the first year of treatment, the HIV DNA showed no significant decline. DNA copy numbers remained measurable in all patients throughout the course of the study. Viral kinetics after treatment intensification. Given that HIV RNA and DNA remained constant for years after the initial 9 months of therapy, we sought to determine if there was a dynamic steady state of viral production or if plasma virus resulted exclusively from release of particles from latently infected cells. A nucleoside reverse transcriptase inhibitor would block infection of new cells but would have no effect on the release of virus directly from latently infected cells. Therefore, we measured plasma HIV RNA and DNA levels and cellassociated infectivity in patients at frequent intervals for 24 weeks in patients from this cohort who chose to add the nucleoside reverse transcriptase inhibitor abacavir (eight patients) or ritonavir (one patient) to their regimen after 5 years of therapy. The five patients from this cohort who did not add abacavir were also monitored prospectively.
Plasma HIV RNA levels rapidly declined by 4 weeks in four of five patients with detectable HIV RNA who received abacavir (Fig. 4) (Table 1) . We were unable to quantify the magnitude of decline because of the limit of detection of our assay. The estimated half-life of infected cells was 6.7 days (range, 4.4 to 11 days). In two of the five patients (subjects 7 and 8) who Fig. 1 ended in all patients during the first 9 months of treatment. Over the subsequent 4 years of treatment, RNA dynamics in 13 of 14 patients were statistically consistent with a plateau. Levels of residual viremia are shown for patient 1 (top) as 23 copies/ml and for patient 9 (bottom) as 5.9 copies/ml. This low-level virus production is consistent with establishment of a new steady state on antiretroviral therapy.
FIG. 3.
HIV DNA before treatment with indinavir plus efavirenz correlates with residual viremia. Residual HIV RNA was defined as the geometric mean of all measured values after 9 months of therapy. Baseline DNA was the only significant pretreatment predictor of residual viremia in either univariate (R 2 ϭ 0.51, P ϭ 0.003) or multivariate (P ϭ 0.002) regression including baseline HIV RNA, CD4 counts, and patient age. These correlations remained when HIV DNA was normalized to cell counts, when residual viremia was computed using a maximum likelihood approach with censoring, and when nonparametric statistical methods were used. While the correlation does not define the mechanism connecting HIV DNA and residual RNA, the predictive value of pretreatment DNA levels suggests that long-lived cellular reservoirs of viral DNA activate to kindle HIV RNA production.
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on September 7, 2017 by guest http://jvi.asm.org/ did not add abacavir, HIV RNA levels did not decrease. Steady-state levels below the limit of detection or missing data precluded evaluation in the other three patients Total HIV DNA levels did not decline over the 24 weeks of observation (data not shown). There was no change in semiquantitative cultures of HIV infectivity (data not shown). Cellular activation and HIV immune responses after therapy intensification. Reductions in HIV RNA levels in patients initiating therapy are associated with rises in CD4 cell counts, reduction in HIV-associated immune responses, and decline in cellular activation (2) . Initial CD4 cell increases are attributed to redistribution of memory cells (36) . In this group of patients already treated for 5 years, we did not observe increases in CD4 cell counts after therapy intensification (data not shown). However, we did observe a reduction in some markers of cellular activation in both CD4 ϩ and CD8 ϩ cells (Table 2 ). CD8-mediated HIV Gag and p24 antigen responses were also lower in patients receiving abacavir, although the differences between the groups were not statistically different when the lower background activation rates in the abacavir group were included in the analyses. These observations provide support for a reduction in HIV antigen load with therapy intensification, suggesting perturbation of a dynamic equilibrium by the addition of an additional antiretroviral agent.
DISCUSSION
We sought to address two main questions in this longitudinal study of patients receiving potent antiretroviral therapy for 6 years. First, is there a measurable reduction in plasma levels of FIG. 4 . Effect of abacavir intensification on viremia and cell-associated infectivity. Addition of abacavir resulted in a significant decrease in plasma viremia in four of five patients with sufficient residual viremia to allow a change to be detected. Among these four individuals, only patient 1 (a) retained detectable viremia (Ͼ2.5 copies/ml) after intensification. In all others, intensification resulted in suppression of viremia to below this detection threshold (b to d).
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HIV RNA over time in patients with high-level viral suppression (Ͻ50 copies/ml)? Second, is there evidence for ongoing productive infection in these patients after 5 years? We found that levels of HIV RNA in the plasma reached a steady state within 9 months of therapy initiation that we defined as residual viremia. Levels of residual viremia varied among patients and were predicted by pretreatment DNA levels. HIV RNA levels declined rapidly after intensification with abacavir, providing direct evidence for ongoing productive infection. Supporting evidence for a reduction in viral burden after treatment intensification was provided by studies of immune activation and HIV immune responses. These data support a model of residual replication in treated patients in which both localized activation of latently infected cells and productive infection contribute to residual replication. The variability of residual replication and correlation with viral DNA levels and residual replication could be interpreted in a number of ways. Adherence and drug levels are known to influence the antiviral effect of antiretroviral regimens (28, 34, 37) . Variability in these parameters among our patients could produce differing levels of residual replication, which would affect the pool of residual cellular DNA. However, these mechanisms would not explain a correlation between pretreatment proviral DNA levels and residual replication. The simplest interpretation of our data is that HIV DNA levels reflect the size of the pool of long-lived latently infected cells that determine the level of residual viremia in patients receiving chronic treatment. Cell-associated DNA is comprised of both integrated and unintegrated HIV DNA, and a substantial proportion of the HIV DNA in PBMC represents replication-defective genomes (7, 33, 42) . Linear unintegrated DNA is labile, and this subset of HIV DNA present before treatment is therefore unlikely to produce replication-competent virus after several years of therapy (4, 5, 48) . We did not directly measure integrated DNA or distinguish replication-competent from defective genomes. Thus, our interpretation that the number of latently infected lymphocytes determines residual viral replication relies on the assumption that the proportion of viral DNA consisting of integrated genomes with the capacity to sustain viral replication is relatively constant across patients. Other interpretations of our findings are also possible. Total HIV DNA measured in our patients at baseline may reflect a net susceptibility of lymphocytes to infection, a characteristic maintained even years after initiation of combination therapy and reflected in levels of residual viral replication.
After an initial reduction associated with therapy initiation, HIV DNA levels, like RNA levels, did not decrease measurably over the 6 years of observation. Most of the cellular reservoir of HIV occurs in resting memory lymphocytes (7), but resting naïve cells have also recently been recognized as a smaller but detectable reservoir (38) . T lymphocytes specific for HIV are overrepresented among all HIV-infected memory T cells from untreated patients (16) , and the expected rapid turnover of such cells in the presence of abundant HIV antigens may in part account for the higher HIV DNA clearance rate over the first year of treatment. Once such cells are depleted and antigen is cleared, the residual infected cells might be expected to clear more slowly. Our observation of the apparent long-term stability of the pool of latently infected lymphocytes is consistent with findings reported by Douek et al. (16) and corroborates some previous reports based on both PBMC DNA measurements (20) and quantitative coculture assays.
An alternative reason for the slow clearance of latently infected cells may be the contribution of replenishment of the latent cellular reservoir by ongoing residual replication. The bidirectional interaction between ongoing replication during antiretroviral therapy and the dynamics of the latent reservoir has been the subject of speculation. Replenishment of the cellular reservoir is suggested by the lower decay rates of the latent pool in patients with intermittent viremia, an effect that can be modulated by therapy intensification (25, 41) . We studied patients with an extraordinarily low frequency of intermittent viremia, a patient profile that has, to date, not been demonstrated to support replenishment of latent reservoirs. In the present study, reduction of the observed residual viremia by addition of abacavir was not associated with a decrease in HIV DNA or cell-associated infectivity, although continued follow-up of these patients will determine whether slow declines in this reservoir are occurring over time. In a related study using drug resistance mutations to track subpopulations of persistently infected lymphocytes likely to be sustained by persistent replication, we observed that reseeding of the reservoir, while demonstrable, was not the principal reason for the durability of cells carrying HIV DNA in the absence of intermittent viremia (44) . Nevertheless, we cannot exclude the possibility with these data that some reseeding can occur even in the absence of intermittent viremia of Ͼ50 copies/ml.
The decline of HIV RNA levels observed after therapy intensification with abacavir provides insight into the source of virus contributing to residual viremia. If activation of latently infected cells without productive infection were the sole source of residual viremia, the HIV RNA level would not have declined with the addition of abacavir. The rapid decline of HIV RNA levels suggest that either continuous productive infection, for example in gut lymphoid tissue, or small bursts of self-limited infection triggered by activation of latently infected cells contribute to residual viral replication. In one model, HIV replication is depicted as proximal activation and transmission events that depend on long-lived infected lymphocytes to sustain infection by bridging spatially and temporally discontinuous foci of viral replication (22) . This model is supported by two of our observations. The correlation between the size of the stable HIV DNA reservoir and residual viremia implicates long-lived cells in ongoing replication. The rapid decay of HIV RNA after intensification suggests that residual viremia is being produced primarily in cells that turn over rapidly, perhaps in activated, productively infected lymphocytes. Further, the idea of repeated but discontinuous activation events as a source of HIV RNA is supported indirectly by the durable viral suppression in the face of selective pressure of a drug (efavirenz) that requires only a single mutation to confer drug resistance. Thus, our data support previous suggestions of a complex interaction between rapid viral replication during treatment and long-lived cellular reservoirs of HIV.
Both the effectiveness and limits of present antiretroviral therapy are illustrated by the findings of this study. Therapy reduces viral replication to a level at which the virus is unable to escape and rebound, despite the fact that productive infection maintains virus at a steady-state level detectable even in VOL. 77, 2003 RESIDUAL VIREMIA IN HIV-1 11217 the plasma. We acknowledge that indinavir plus efavirenz is not currently recommended as initial therapy for HIV infection and that the generalizability of our findings requires examinations of patients treated with different regimens. However, it is important to note that these patients achieved high, well-documented levels of viral suppression with only rare episodes of intermittent viremia. We doubt that the added antiviral potency demonstrated by abacavir is due to inhibition of drug-resistant virus and instead speculate that abacavir inhibits virus production from lymphocytes not accessible to indinavir or efavirenz for pharmacological reasons such as drug penetration, access, or drug resistance transporters (31).
Our observations have implications for long-term HIV therapeutic strategies. We have identified pretreatment DNA as a potential predictor of residual HIV replication and shown that residual viremia can be reduced even in patients with effective and sustained viral suppression. Recent demonstrations of the value of HIV DNA in predicting untreated disease course (21; C. Rouzioux, 1st IAS Conf. HIV Pathogenesis Treatment, abstr. 23, 2001 ), together with our results, suggest that this marker may be an informative marker of viral burden. Innovative approaches to eradication that rely on activation of latently infected cells have already identified ongoing residual replication as a major obstacle to the success of this strategy (19, 40) . Therapeutic vaccines may be most likely to produce virologic remission in patients with the lowest levels of residual replication (3). Likewise, structured intermittent therapy may be most successful in patients with maximal suppression prior to therapy interruption (17) . Finally, the ability to predict levels of residual replication may permit assessments of antiviral potency required to sustain virologic suppression and minimize drug toxicity.
